Optical anisotropy of GaSb type-II nanorods on vicinal (111)B GaAs Appl. Phys. Lett. 99, 231901 (2011) Microcavity effects in SiGe/Si heterogeneous nanostructures prepared by electrochemical anodization of SiGe/Si multiple quantum wells J. Appl. Phys. 110, 103101 (2011) Tailoring the Faraday effect by birefringence of two dimensional plasmonic nanorod array Appl. Phys. Lett. 99, 191107 (2011) Scattering analysis of plasmonic nanorod antennas: A novel numerically efficient computational scheme utilizing macro basis functions J. Appl. Phys. 109, 123109 (2011) Tunable photoluminescence and photoconductivity in ZnO one-dimensional nanostructures with a second belowgap beam J. Appl. Phys. 109, 103523 (2011) Additional information on J. Appl. Phys. We investigate plasmon-enhanced upconversion (UC) fluorescence in Yb 3þ -Er 3þ -Gd þ3 codoped sodium yttrium fluoride (NaYF 4 :Yb/Er/Gd) nanorods using gold nanoparticles or nanoshells. A simple method was proposed for the preparation of core/shell NaYF 4 /Au structures, with dispersed Au nanoparticles or uniform Au coating on the surface of the UC nanorod. Pure hexagonal-phase NaYF 4 :Yb/Er/Gd nanorods were synthesized via a liquid-solid reaction in oleic acid and ethanol solvent. A one-step approach was introduced to modify the hydrophobic surfaces of the as-deposited NaYF 4 :Yb/Er/Gd nanorods. After this surface modification, Au nanoparticles or nanoshells were successfully attached on the surfaces of NaYF 4 :Yb/Er/Gd nanorods. The as-deposited UC nanorods showed a strong UC emission in green and red bands under 980 nm laser excitation. The attachment of Au nanoparticles onto NaYF 4 :Yb/Er/Gd nanorods resulted in a more than three-fold increase in UC emissions, whereas the formation of continuous and compact Au shells around the nanorods suppressed the emissions. The related interaction mechanisms of the UC emission of NaYF 4 :Yb/Er/ Gd nanorods with plasmon modes in Au nanostructures are analyzed and discussed.
I. INTRODUCTION
The optical properties of nanoparticle structures have attracted great interest in recent years due to applicationdriven perspectives for the controllable manipulation of optical fields on micro-and nanoscale levels. The combination of localized surface plasmon resonances (SPRs) of individual metal particles and various particle structure configurations opens pathways for the realization of important effects such as strong-field confinement and enhancement, 1-5 light energy guiding along nanoparticle chains, 6 surface-enhanced Raman spectroscopy with sensitivity down to a single molecule, 7 and surface enhanced fluorescence (SEF) from nearby molecules. 8 The first experimental and theoretical reports on SEF date back to the 1970s and 1980s, 9 but such enhancements have been overshadowed by the much larger ones (with factors of 10 5 to 10 10 ) seen with surface-enhanced Raman scattering. 10 SEF occurs primarily as a result of the interactions between the excited state of a fluorophore with the nearfields of an excited metal nanostructure, increasing the optical excitation rate and altering both radiative and nonradiative decay rates for the molecule. In the past decade, SEF has been widely reported with dyes and quantum dots. [11] [12] [13] Recently, new upconversion (UC) nanomaterials have drawn much attention. New synthesis routines offered ways to form lanthanide-doped nanometer-sized crystals in order to share the high efficiencies of their bulk equivalents.
14,15 UC nanomaterials, however, usually have low emission efficiency due to their structural defects and large surface areas with a variety of quenchers. Prior studies suggested that an enhanced UC efficiency could be obtained by using plasmonic interactions between UC nanocrystals and gold nanostructures. Schietinger et al. observed a great UC emission enhancement from single Yb 3þ -Er 3þ codoped sodium yttrium fluoride (NaYF 4 :Yb 3þ /Er 3þ ) nanocrystal coupled with gold spheres via the use of an atomic force microscope. 14 Zhang et al. reported an enhanced UC emission of hexagonal NaYF 4 :Yb 3þ /Tm 3þ nanocrystals coupled with gold nanoparticles or nanoshells. 16 But to date, the maximum enhancement available in fluorescence has not been established. Moreover, the role of the plasmon resonance energy with respect to the excitation and emission energies of a fluorophore is not well understood. Studying the interactions of metal nanostructures with nanosized emitters is a strong starting point for the development of SPR-based lighting devices, including solar cells and various nano-biological and nanoscale optical devices.
In this work, we investigate plasmon-enhanced UC in Yb 3þ -Er 3þ -Gd þ3 codoped sodium yttrium fluoride (NaY-F 4 :Yb/Er/Gd) nanorods coated with Au nanoparticles or nanoshells under illumination with a 980 nm diode laser. A simple approach is proposed for preparing NaYF 4 :Yb 3þ /Er 3þ /Gd 3þ nanorods with core-shell structures using gold nanoparticles or nanoshells. Pure hexagonal-phase NaYF 4 :Yb/Er/Gd nanorods were synthesized via a liquid-solid reaction in oleic acid and ethanol solvents. 15 Gd 3þ dopant ions played key roles in the formation of pure hexagonal phases of NaYF 4. We introduced a one-step approach to modify the hydrophobic surfaces of the as-deposited NaYF 4 :Yb/Er/Gd nanorods. Nonylphenol ethoxylate NP-10 was used as an amphiphilic surfactant to modify the nanorod surfaces. After this surface modification, gold nanoparticles or nanoshells were successfully attached on the surfaces of NaYF 4 :Yb/Er/Gd nanorods to form core-shell structured nanorods. It is found that the UC fluorescence of NaYF 4 :Yb/Er/Gd nanorods coupled with Au nanoparticles increases more than three-fold. The related interaction and coupling mechanisms of UC emissions of NaYF 4 :Yb/Er/Gd nanorods with plasmon modes in Au nanostructures are analyzed and discussed.
II. EXPERIMENTAL
A. Synthesis of NaYF 4 :Yb/Er/Gd (18/2/30 mol. %) nanorods NaYF 4 :Yb/Er/Gd nanorods were grown according to the procedures described in Ref. 15 . A de-ionized (DI) water solution (7.5 ml) of 1.5 g NaOH was mixed with 25 ml of ethanol and 25 ml of oleic acid under stirring. Ten ml of RECl 3 (0.2 M) (RE ¼ Y, Yb, Er, and Gd, YCl 3 :YbCl 3 :ErCl 3 :GdCl 3 ¼ 50:18:2:30 mol. %) solution and 5 ml of NH 4 F (2 M) was added to the resulting mixture. Then, the solution was transferred into a 100 ml Teflon-lined autoclave and heated at 200 C for 2 h to obtain the nanorods. The nanorods were washed with ethanol and water several times and collected via centrifugation. Finally, the nanorods were re-dispersed into water to form an aqueous dispersion and were ready for use.
B. Attachment of gold nanoparticles
A gold nanoseed solution was prepared by a modified procedure presented in Refs. [16] [17] [18] . Twenty-four ll of 80% tetrakis (hydroxymethyl) phosphonium chloride and 0.5 ml of 2 M NaOH were added to 90 ml of DI water. The mixture was stirred vigorously for at least 15 min. Then, 4 ml of 1 wt. % HAuCl 4 was quickly added to the resulting mixture. The color of the solution changed rapidly from colorless to dark brown. The resulting gold nanoseed solution was stored in a lightproof container with stirring overnight. One ml of nonylphenol ethoxylate NP-10, 1 ml of 0.01 M NaYF 4 :Yb/Er/Gd nanorod solution in cyclohexane, 5 ml of cyclohexane, and 10 ml of Au nanoseed solution were mixed and stirred vigorously at room temperature for 1 to 24 h.
C. Growth of gold nanoshells
An aged gold solution was prepared using a modified procedure from Refs. [16] [17] [18] . A solution was prepared by dissolving 0.05 g of potassium carbonate in 200 ml of DI water and stirring for 15 min. Then, 4 ml of 1 wt. % HAuCl 4 was added to the solution. The solution turned colorless after approximately 10 min. The resulting solution was aged by storing it in the refrigerator for at least 1 day. One ml of UC nanorod solution (with gold nanoseeds attached) was added to 10 ml of the aged gold solution with stirring. After stirring, 0.02 ml of formaldehyde and 0.05 ml of ammonium hydroxide were introduced simultaneously. Upon mixing, the color of the mixture immediately changed from colorless to brownish-blue, and a black precipitate was obtained quickly.
D. Characterization and photoelectron measurements
NaYF 4 :Yb 3þ /Er 3þ /Gd 3þ nanorods before and after Au nanoparticle attachment or nanoshell growth were examined and characterized. The transmission electron microscopy (TEM) images were recorded on a JEOL 2010 F transmission electron microscope. Fluorescence spectra were recorded on a HORIBA Jobin Yvon fluoromax-4 fluorescence spectrophotometer equipped with a commercial near-infrared laser (980 nm). Ultraviolet and visible (UV-Vis) spectra were acquired with a Hitachi U-3900 UV-Vis spectrophotometer, and the Fourier transform infrared (FTIR) spectra were taken using a Nicolet 6700 spectrometer.
III. RESULTS AND DISCUSSION
The controlled synthesis of gold nanoparticles or nanoshells is usually carried out in aqueous solution, requiring the dispersion of UC nanorods in water. However, NaYF 4 :Yb/Er/ Gd nanorods synthesized via the liquid-solid reaction in oleic acid and ethanol solvents are terminated with oleic acid ligands, which are hydrophobic. Various methods have been reported for modifying UC material surfaces. Yang et al. employed Triton X-100 to modify the hydrophobic property of the UC nanocrystal surface. 19 Li et al. reported a surface modification process with the help of CO-520. 20 Recently, Zhang et al. reported a two-step method for displacing the original hydrophobic ligands on the surfaces of NaYF 4 :Yb/ Tm hexaplate nanocrystals using polyacrylic acid and polyallylamine hydrochloride (successively), resulting in UC nanocrystals with high water dispersibility. 16 In this work, we proposed an alternative one-step approach for modifying UC nanorod surfaces. Nonylphenol ethoxylate NP-10 was used as an amphiphilic surfactant to modify the hydrophobic surface of the NaYF 4 :Yb/Er/Gd nanorods. The hydrophobic segment of nonylphenol ethoxylate NP-10 interacted with the alkyl chain of oleic acid on the outside surfaces of the nanorods, rendering hydrophilic ligands dispersed on the surfaces of UC nanorods. As a result, after this surface modification, gold nanoparticles or nanoshells can be attached on the surfaces of NaYF 4 :Yb/Er/Gd nanorods. FTIR analysis was examined in order to confirm the successful surface modification of UC nanorods. Gd nanorods before and after the surface modification. In Fig.  1(a) , the FTIR spectrum of the as-synthesized nanorods contains strong -CH 3 bands centered at 2854.2, 2925.7, and 2957.2 cm
À1
. In Fig. 1 (b), these three bands almost disappear, suggesting that our method successfully modified the surface property of the NaYF 4 :Yb/Er/Gd nanorods.
The microstructures and morphologies of NaYF 4 :Yb/Er/ Gd nanorods without or with Au nanostructures were characterized via TEM. The as-prepared UC nanorods have a hexagonal structure with a uniform size of 70 to 80 nm in diameter and approximately 300 to 500 nm in length. These results are consistent with those of NaYF 4 :Yb/Er/Gd (18/2/ 30 mol. %) samples reported in Ref. 15 . Figure 2 shows TEM images of NaYF 4 :Yb/Er/Gd nanorods with attached gold nanoparticles 24 h after the Au attachment process and with gold shells after 10 min of the Au shell reaction. It was found that during the addition of gold nanoparticles, the number of dark specks in Fig. 2 (a) increased with increasing process time. Each dark speck corresponded to a gold nanoparticle (4 to 8 nm in size) on the nanorod surface. These Au nanoparticles functioned as nucleation centers for the growth of a shell. As the shell reaction proceeded, these nanoseeds grew rather quickly and eventually merged together to form a continuous Au shell around the nanorod, as shown in Fig. 2(b) . Figure 3 shows the UV-Vis absorption spectra of UC nanorods during the gold seed attachment (0-24 h) and shell formation (0-10 min) stages. The spectra of these nanorods (ca. 1 wt. %) were collected in an ethanol solution. For UC nanorods with Au nanoparticles formed at different times, there is a small peak at about 310 nm but no absorption peak in the visible light or near-infrared (NIR) regions. In contrast, the spectra of nanorods covered with Au shells formed at 5 and 10 min, respectively, show a peak around 530 nm in Fig. 3(b) .
Figures 4(a) and 4(b) show UC emission spectra of NaY-F 4 :Yb/Er/Gd nanorods during the gold nanoparticle attachment (0-24 h) and gold shell formation (0-10 min) stages, respectively. The emission spectra were collected under 980 nm laser excitation with a power of 500 mW at room temperature. For the as-synthesized NaYF 4 :Yb/Er/Gd nanorods, the spectrum exhibits two strong emission bands at 540 and 660 nm and a weak emission peak at 524 nm, corresponding to 14, 21 The emission spectrum of the UC nanorods during the Au nano-seeding stage shows a significant increase in emission intensity as the seeding duration increases and the number of attached Au nanoparticles rises, as shown in Fig. 4(a) . Additionally, the emission enhancement by Au nanoparticles is wavelength-dependent, as the enhancement factors in the green region (540 nm) are a little less than those in the red region (660 nm). Compared with the case of the as-synthesized NaYF 4 :Yb/Er/Gd nanorods without Au nanostructures, the green emission intensity of UC nanorods with Au nanoparticles increases by a factor of 3.8, and the red emission intensity has an enhancement factor of 4.0 after a 24 h gold seed attachment stage. Furthermore, fluorescence quenching was observed during the gold shell formation stage in Fig. 4(b) . Compared with the case of NaYF 4 :Yb/Er/Gd nanorods after the 24 h Au nanoparticle attachment, a decrease in the green emission was observed with increasing Au shell formation time, whereas an increase in the red spectral emission was noticed at the initial Au shell formation stage from 0 to 10 min. With a further increase in the shell formation time from 10 min, the emission intensity was found to decrease substantially at both green and red bands. These results demonstrate that the attachment of Au nanoparticles on the UC nanorod surfaces can enhance the UC emission, whereas the evolution of continuous and compact Au shells around the UC nanorod cores can quench both green and red emissions.
Time-resolved spectra and UC luminescence lifetimes were measured for NaYF 4 :Yb/Er/Gd nanorods without and with Au nanostructures under 980 nm laser excitation using a customized phosphorescence lifetime spectrometer equipped with a digital oscilloscope. As neither the rise nor the decay time of the fluorescence is monoexponential, we determine the time (s) for the signal to rise (decay) to half of its maximal value. The rise and decay times of the green and red UC emissions from bare UC nanorods and nanorods with Au nanostructures (particles at a duration time of 24 h and shells at a duration time of 5 min) are shown in Figs. 5(a)-5(d) . The evolution of the green UC emission from bare UC nanorods was with a rise time of s ¼ 39 ls and a decay time of s ¼ 24 ls, whereas the red emission from bare nanorods presented a rise time of 66 ls and a decay time of 30 ls. Both the rise and the decay times were reduced after coupling of UC nanorods with Au nanoparticles or Au nanoshells.
As is well known, SPRs of individual metal particles and various particle structure configurations offer ways for the realization of strong-field confinement and enhancement.
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The optical response, SPRs, and local field distributions are strongly dependent on the particle shape, size, and distribution; the interaction between particles; and the polarization of the incident light.
2-5,22,23 Fig. 6 shows the computed extinction cross sections (r e ) of Au spheres with different diameters (4 to 100 nm) based on the extended Mie theory reported by Ruppin. 22 The dielectric constant (e M ) of the medium surrounding the sphere (ethanol) is 1.36.
2 As the size of the sphere is increased from 4 to 20 nm, the main longitudinal plasmon resonance displays a slight red-shift from 301 to 309 nm. When the size of the sphere increases up to 100 nm, the image in Fig. 6 shows an extinction maximum at 320 nm together with another broad band that exhibits a strong r e value from the NIR through the visible to the ultraviolet range. Au nanoparticles even after 24 h of the seeding process are sparsely distributed on the surfaces of the UC nanorods, and the particle size is about 4 to 8 nm, as shown in Fig. 2(a) . Thus, the calculation results based on a single sphere (radius a) model shown in Fig. 6 can well explain the optical properties of UC nanorods with Au nanoparticles. The small bands at about 310 nm in the absorption spectra shown in Fig. 3(a) could correspond to the longitudinal plasmon resonance of the Au nanoseeds. In the Au nanoshell geometry, the plasmon resonance frequency is a sensitive function of the relative dimensions of the core and shell and can be shifted hundreds of nanometers in wavelength from the plasmon resonance of the corresponding Au nanoparticle. 24 As a result, when those Au nanoseeds were transformed into continuous shells, the resonant peak red-shifted to 530 nm, as shown in Fig. 3(b) .
For simple spheres, a separation of variables approach 25 allows calculation of the field intensity both internal and external to the sphere. For the dielectric functions we consider the size effect of the surface scattering of the sphere. Au nanoparticles absorb energy through both the collective excitation of free electrons and the electron transition of bound electrons from occupied to empty bulk band (called inter-band transitions). 26 Therefore, the dielectric function of gold, by considering the size effect of the surface scattering, can be written as
where x p is the bulk plasma frequency of gold, c bulk is the damping constant in the bulk, c sur ¼ Aðv F =aÞ represents the surface scattering term, A is a constant [for a sphere, A ¼ 1 (Ref. 27 )], and v F is the Fermi velocity of the electron cloud. Surface scattering contributes to the broadening of the resonant peak but does not shift the localized surface plasmon resonance wavelength. 26 In the present study, the value of the parameters v F ¼ 1:4 Â 10 6 ms À1 , x inter ¼ 8:9, x p ¼ 1:36 Â10 16 s À1 , and s bulk ¼ 1=c bulk ¼ 9:1 Â 10 À15 s are considered from the literature. 28 In the small-particle approximation (q ¼ 2pa=k ( 1), 25 we consider the amplitude of the electric vector of the incident plane wave as normalized to unity; the wave propagates along the z-coordinate, the electric vector is directed along the x-coordinate, and the magnetic vector is along the y-coordinate. In the spherical coordinate system with the origin situated at the sphere's center, the incident, scattered, and internal electric fields for parallel polarization can be expressed as
Because the term in the brackets in Eq. (4) is the unit vector i x , the internal electric field is constant and in the same direction as the incident field. The total external electric field is given by the sum of Eqs. (2) and (3).
Because of the symmetry of the sphere, the angle-averaged intensity is independent of the incident polarization. The calculated quantity is
where E is either the internal electric field or the total external (the sum of the incident and scattered) electric field. From Eq. (5), the distribution of the total external intensity in the xy plane at z ¼ a for the Au sphere (a ¼ 4 nm), illuminated by radiation with k ¼ 980 nm and parallel polarization, is shown in Fig. 7 . For a Au nanoparticle, there are electrical field enhancements in regions around the sphere but not directly under the sphere, as shown in Fig. 7(a) . The maximum intensity enhancement in calculations is about 1.7 in the xy plane. However, the total external intensity in the region around the sphere in the xz plane at y ¼ 0 is far more intense, as shown in Fig. 7(b) . From Eq. (6), the angleaveraged intensity enhancement at r ¼ a is 2.99. With other radiation wavelengths such as 540 nm and 650 nm, the total external intensity distribution will change a little, but with contour results similar to the one in Fig. 7 . The angleaveraged intensity enhancement at r ¼ a is 2.71 and 2.93 for 540 nm and 650 nm radiations, respectively. The observed enhancement in the UC emission with the presence of gold nanoparticles shown in Fig. 4(a) can be due to at least two effects. An enhanced effective excitation flux results in an increase of the excitation rate. The enhanced excitation flux is caused by local field enhancement associated with plasmonic resonance, as shown in Fig. 7 . We think that it is the "hot regions" around Au spheres in which high electrical field, and thus enhancement of UC emission, occurs, as shown in Fig. 4(a) . The angle-averaged intensity enhancement of 2.99 at r ¼ a is very close to the UC emission enhancement value of UC nanorods coupled with gold nanoparticles under the irradiation of a 980 nm laser. On the other side, the emission rate was further increased due to surface plasmon-coupled emission because of the coupling of the UC emission with the nanostructure plasmonic resonance. This coupling can occurr when the emission band of the fluorophore overlaps with the plasmon resonance frequency of the metal nanostructures. 29 The Er emission green ( 4 S 3/2 ! 4 I 15/2 ) and red ( 4 F 9/2 ! 4 I 15/2 ) bands are centered at around 540 nm and 660 nm, respectively. 30 For a Au sphere illuminated by radiation with k ¼ 540 nm or k ¼ 660 nm, the total external intensity distributions also show hot regions similar to those in Fig. 7, corresponding to the dipolar resonances. Au nanoparticles support these dipolar modes that are resonant with the Er emission, resulting in an increase of the excitation rate and enhancement of the UC emission. Under illumination by radiation with k ¼ 540 nm and k ¼ 660 nm, the angle-averaged intensity enhancement is 2.71 and 2.93, respectively. The slightly higher red emission enhancement factor of nanorods with Au nanoparticles shown in Fig. 4(a) can be attributed to the higher averaged intensity enhancement at the wavelength of 660 nm. The plasmonic enhancement effect on the emission of UC nanorods in the presence of Au nanoparticles is also reflected in a reduction of the rise and decay times in Fig. 5 .
With the formation of gold shells from Au seeds on UC nanorods, the rise and decay times were further decreased (Fig. 5) , and a quench was observed as shown in Fig. 4(b) . The formation of the continuous and compact gold shell quenched both green and red emissions. The spectra of nanorods covered with Au shells formed at 5 and 10 min show a peak around 530 nm in the absorption spectrum shown in Fig. 3(b) . Thus, the SPR band for UC nanorods coated with Au nanoshells is at around 530 nm. As the plasmon resonance around 530 nm overlaps more strongly with the green emission band compared to the case of the nanorod-Au nanoparticle complex, one would indeed expect a stronger enhancement in the green emission process. However, the excitation field and the emitted radiation can be enhanced, but quenching by energy transfer and nonradiative relaxation in metal is also possible. 14, 16 In our work, the quenching can be explained by the following consideration. In the configuration of UC nanorod-Au nanoparticles, excitation and emission were enhanced, and the Au nanoparticles were distributed too sparsely to introduce quenching of the emission. But in the case of a Au shell completely surrounding the UC nanorod, additional quenching competed with any further amplification of the fluorescence. Moreover, the compact gold shell might block the emission transmittance from the UC nanorods, leading to the quenching of the UC emission at both green and red bands as shown in Fig. 4(b) . The overall UC emission intensity is influenced by the excitation rate, emission rate, and quenching effect. As shown in Fig. 5 , both the excitation rate and the decay rate are wavelengthdependent; as a result, the enhancement or quenching of the emission intensity is different at 540 nm and at 660 nm.
The grown NaYF 4 :Yb/Er/Gd nanorods without or with Au nanoparticles offered strong UC emissions in both green and red bands under the NIR light. Therefore, they can be expected to be applied in solar cell technologies and to allow an increase in the efficiency of the photo-conversion process in the infrared-region, a range that is notoriously poor for the current commercial solar cells. We initially examined the feasibility of using the prepared UC nanorods in solar cells and fabricated dye-sensitized solar cells (DSSCs) by modifying the device synthesis procedures reported in our previous work 31, 32 and by coating NaYF 4 :Yb 3þ /Er 3þ /Gd 3þ nanorods on N719 dye-sensitized TiO 2 films. Under the illumination of the 980 nm laser, the DSSC without using UC nanorods showed a short-circuit current (I SC ) of 0.317 mA and an opencircuit voltage (V OC ) of 0.672 V, whereas the cell coated with UC nanorods displayed a I SC of 0.368 mA and a V OC of 0.695 V. Our preliminary work showed that the performance of the DSSC was obviously improved with UC nanorods because the NIR light was converted in situ to dye-absorbable visible light. More experimental and theoretical work is being carried out. Furthermore, these UC nanorods also have high transmission in the visible wavelength range, and the prepared UC materials can be employed and added to any solar cell technology-crystalline, thin-film, and organic/hybrid solar cells. The grown UC nanorods can be applied to the back side or the front side of a solar cell to improve its infrared response. Therefore, the prepared UC nanorods and nanomaterials in combination with metal nanostructures have great potential to be used in the energy system of photovoltaic cells, as well as in nano-biological devices.
IV. CONCLUSIONS
The plasmon-enhanced UC fluorescence in Yb 3þ -Er 3þ -Gd þ3 codoped sodium yttrium fluoride (NaYF 4 :Yb/Er/Gd) nanorods has been investigated. The as-deposited UC nanorods showed intense UC emission in green and red regions under excitation with a 980 nm laser. When UC nanorods were coupled with gold nanoparticles, the UC emission intensity at 540 nm increased by a factor of 3.8, and the emission intensity at 660 nm had an enhancement factor of 4.0. When nanorods were surrounded by continuous and compact Au shells, UC emissions were suppressed. Theoretical smallparticle approximation calculations support the experimental plasmon-enhanced UC results of NaYF 4 :Yb/Er/Gd nanorods in combination with gold nanoparticles. The unique properties and functions offered by UC NaYF 4 :Yb/Er/Gd nanorods will enable its wide implementation in photovoltaic applications. 
